Introduction: Transplant renal artery stenosis (TRAS) is a well-known vascular complication of renal transplantation. The aim of this analysis was to assess the short and midterm outcomes of endovascular therapy to salvage transplant kidney. Methods: We retrospectively analyzed our transplant database from 2000 to 2015. Percutaneous transluminal angioplasty/ stenting was done in 24 patients (22 men and two women) with significant TRAS. The mean age was 59 ± 12 years. The parameters analyzed were: Technical success, pre-and post-treatment serum creatinine and number of antihypertensive drugs before and after treatment and vessel patency on Doppler ultrasonography at 3 and 6 months. Results: Overall incidence of TRAS in this study was 5.06%. Incidence of TRAS following live donor transplantation was 4.68% while that in deceased donors was 11.5%. Technical success was 100%. There were no periprocedural deaths. Renal function was improved from 2.32 ± 0.5 mg/dL to 1.72 ± 0.3 mg/dL (P < 0.001) and number of antihypertensive medications after the procedure was reduced from 2.9 ± 0.7 to 2 ± 0.6 (P < 0.001) at 6 months follow-up. One patient developed restenosis within 5 months (4.2%). Clinical success at 6 months follow-up was 79.2%. Conclusions: Endovascular treatment of TRAS has high technical success with minimal complications. It also provides satisfactory clinical success with improvement in overall transplant renal function and renovascular hypertension in early follow-up.
INTRODUCTION
Transplant renal artery stenosis (TRAS) is a reversible cause of graft dysfunction which is manifest by refractory hypertension or rising serum creatinine. [1] It is a rare vascular complication with incidence varying between 1% and 23%. [2] [3] [4] [5] It usually becomes apparent between 3 months and 2 years after renal transplantation, but it can present at any time. [6] The stenosis can be preanastomotic because of the recipient's atherosclerotic arterial disease, at the anastomotic site due to surgical trauma along with postoperative fibrosis, or postanastomotic whose etiology is not well defined, though mechanical and immunological factors are implicated as possible causes. [7] The gold standard for diagnosis and treatment of TRAS is percutaneous transluminal angiography and angioplasty (PTA). [8, 9] We retrospectively reviewed our series of patients who had undergone PTA, with or without stenting, for suspected TRAS and report the early outcomes of the intervention.
METHODS
Between 2000 and 2015, 474 patients underwent renal transplantation (live donor -448; deceased donor -26) at our institution. A retrospective analysis of our transplant database was performed for this study. All patients who underwent intervention for a suspected TRAS on the basis of sudden increase in blood pressure from baseline, refractory hypertension, or raised serum creatinine were included in this report. The patients were screened with Doppler ultrasonography (USG) and those with peak systolic velocities (PSVs) >200 cm/s were further subjected to magnetic resonance angiography (MRA) to confirm the diagnosis.
We collected data concerning the patient's characteristics (age, gender, comorbidities), organ donors characteristics, type of anastomosis, clinical presentation, time to presentation, number and location of stenotic lesions relative to anastomosis, type of procedure (angioplasty with or without stenting), early and late outcomes, and serum creatinine levels, blood pressure value, and number of antihypertensive drugs before and after the procedure.
Informed consent was obtained from all patients before the intervention. Diagnostic renal arteriography was performed through a contralateral femoral arterial approach. Under fluoroscopy, 7 Fr crossover sheath was placed over a 0.035-inch hydrophilic guide wire. Nonselective iliac arteriography was performed to look for preanastomotic lesion (pseudo-TRAS). Size, extent, and level of stenosis were noted. Patients with significant TRAS (>70% reduction in diameter) underwent PTA with or without stenting. A guide wire was advanced across the stenosis and angioplasty was performed using 2-4 mm × 20 mm low-profile balloon. Subsequently, stenting was performed using balloon-expandable stents [ Figure 1 ]. A check angiogram was performed to look for stent position and residual stenosis. Technical success was defined as residual stenosis <30% without dissection or extravasation after revascularization.
Before discharge, a Doppler USG was performed, and serum creatinine levels were documented. Follow-up protocol consisted of serial evaluation of serum creatinine, measurement of blood pressure and Doppler USG at 1 month, 3 months, and 6 months and at any time if recurrence was suspected. All patients were followed for minimum of 6 months. Restenosis was considered significant if PSVs were >200 cm/s on Doppler USG and/or >50% residual stenosis on MRA.
The primary end point of this study was stenosis-free primary transplant renal artery patency, and secondary end points were freedom from reintervention, graft survival, blood pressure, and renal function evolution. Clinical success at 6 months follow-up was defined as (i) more than a 15% reduction in serum creatinine level and/or (ii) reduction in a number of antihypertensive medications.
The serum creatinine values before and after treatment of TRAS with PTA were compared by using a paired two-tailed Student's t-test. The number of blood pressure medications was compared with the use of the Wilcoxon signed ranks test. Statistical Package for the Social Sciences software (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc.) was used for analysis. A P < 0.05 was considered to indicate a statistically significant difference.
RESULTS
Twenty-four (5.06%) patients (22 male, 2 female; mean age 59 ± 12 years) were diagnosed to have TRAS. Their demographics and clinical details are summarized in Table 1 . The mean donor age was 44 ± 8 years. 87.5% (21/24) patients had undergone live donor renal transplantation and 12.5% (3/24) patients had received their renal grafts from deceased donors.
Eighteen patients presented with sudden increase in blood pressure from baseline or refractory hypertension while All patients had single renal artery anastomosed in end-to-end fashion to internal iliac artery.
Angiography and procedure details are compiled in Table 2 . Nineteen patients had stenosis at the anastomotic site for which angioplasty and stenting were performed in all patients except in one patient where only angioplasty was performed, and stenting was not possible due to complexity of the lesion (kink at anastomotic site). This patient had received a deceased donor graft, and he developed restenosis within 5 months and was managed conservatively. Two patients had isolated stenosis proximal to the anastomotic site for which angioplasty and stenting was performed.
Three patients had stenosis at both anastomotic site and proximal to the anastomosis. In two patients, angioplasty was performed at the proximal site and a stent was placed at the anastomotic site. In one, calcified atheromatous debris was dislodged and migrated distally which was aspirated immediately. The third patient underwent stenting at both the anastomotic and preanastomotic sites. Procedure-related complications, i.e., dislodged atheromatous debris were seen in one patient (4.17%). Technical success rate was 100% and patency rate at 6 months follow-up was 95.8% as one patient developed restenosis after 5 months. The outcomes of the procedure are shown in Table 3 . The mean serum creatinine decreased from preprocedure value of 2.32 ± 0.5 mg/dL to 1.63 ± 0.4 mg/dL (P < 0.001) at 3 months and 1.72 ± 0.3 mg/dL (P < 0.001) at 6 months [ Figure 2 ]. A reduction in serum creatinine of >15% was seen in 23 patients (95.8%) after 3 months and 20 patients (83.3%) after 6 months. Before the procedure, the patients required a mean of 2.9 ± 0.7 antihypertensive agents which decreased to 1.8 ± 0.6 agents (P < 0.001) at 3 months and 2 ± 0.6 agents (P < 0.001) at 6 months [ Figure 3 ]. A decrease in number of anti-hypertensive agents was noted in 23 patients (95.8%) at 3 months and 20 (83.3%) patients at 6 months. Mean PSV decreased from 315 ± 40 cm/s to 164 ± 11 cm/s (P < 0.001) at 3 months and 181 ± 32 cm/s (P < 0.001) at 6 months. All 24 patients (100%) had improvement in PSV (<200 cm/s) at 3 months which decreased to 18 patients (75%) at 6 months.
Clinical success at 6 months follow-up was achieved in 79.2% patients (19/24). There were no procedure-related deaths, and there was no graft loss at 6 months follow-up.
DISCUSSION
The incidence of TRAS in this study was 5.06%. Depending on the definition and diagnostic techniques used, various published series report incidence ranging between 1% and 23%. [2] [3] [4] [5] Several risk factors for TRAS have been reported including older recipient age, retrieval damage to renal artery, intimal damage at the time of perfusion, atheroma at the site of anastomosis, [10] faulty suture technique, disparity in diameters of donor and recipient arteries in end-to-end anastomosis, [11] and prolonged cold ischemia time, acute rejection, [12] and cytomegalovirus infection. [13] Some authors have reported higher incidence of TRAS in cadaveric donors (13.2-17.7%) than living donor renal transplant. [3, 14, 15] In this study, the incidence of TRAS in deceased donors was 11.5%.
Most patients present with accelerated hypertension with or without biochemical evidence of allograft dysfunction occurring between 3 months and 2 years after renal transplantation, but it can present at any time. [6] Median time to the presentation in this cohort was 52.5 months (IQR 29.2-106.7 months).
The Doppler USG criteria for diagnosis are PSV higher than 200 cm/s, resistive index <0.5, and velocity gradient between stenotic and prestenotic segment of more than 2:1. [16, 17] We used Doppler USG (PSV > 200 cm/s) for initial diagnosis and for follow-up after endovascular intervention. In all patients diagnosis of TRAS was confirmed by MRA and PTA during the intervention (>70% luminal narrowing).
Two therapeutic approaches have been described for treatment of TRAS: Revision open surgery which is considered as rescue therapy and is reserved for patients with unsuccessful angioplasty or with complicated stenosis. [18] The success rate ranges from 63% to 92%, and the recurrence rate is around 12%. Surgery has high complication rates such as ureteral injury (14%), graft loss (15-20%), reoperation (13%), and mortality (5%). [6, 19] PTA with stenting is now recognized as the treatment of choice. Technical success rate of endovascular treatment is reported between 89% and 100% [20] [21] [22] [23] [24] while clinical success being around 65.5-94%. [20, 22, 24] In our series, technical success was 100%, and clinical success was 79.2% at 6 months follow-up.
PTA alone carries higher risk of restenosis with an incidence ranging from 16% to 62%. [25] However, restenosis following PTA and stenting are low, and it varies from 5.5% to 20%. [26, 27] In our series, restenosis rate was 4.2% at 6 months follow-up. In this patient, only angioplasty was performed, and stenting was not possible due to complexity of the lesion (kink at the anastomotic site) and later he was managed conservatively. Procedure related complication was seen in one patient (4.2%). In this patient, calcified atheromatous debris was dislodged and migrated distally after stenting. It was recognized immediately, and atheroma was aspirated. Check angiogram confirmed the patency of lumen.
We acknowledge certain limitations in this study. This was a retrospective study and could have a selection bias as some patients may have been inadvertently missed. There is the possibility of delayed failure of the procedure, and since the follow-up is only of 6 months, these events may not have been captured. Finally, the sample size is limited.
CONCLUSIONS
Endovascular treatment of TRAS has high technical success with minimal complications. It also provides satisfactory clinical success with improvement in overall transplant renal function and renovascular hypertension in early follow-up.
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